There have been many previous reports of tracheal damage following tracheostomy (Bjork, 1960; Beaver, 1961; Reading, 1958) . It is, however, difficult to estimate the frequency with which these changes occur. The general impression from previous writings is that damage to the trachea is uncommon if certain precautions are observed, and that it seldom leads to serious complications. The The sites at which this reaction was found to occur were the stoma, the lower end of the tube, and the inflatable cuff when this was used. The lower end of the tube, which moves up and down with respiratory movements and with the movements of the tube itself, frequently ulcerated the carina (Figs 1 and 2 ) and occasionally the right main bronchus. In case 22 this finally resulted in three small broncho-oesophageal fistulae (Fig. 4) . It is possible that some of this carinal and bronchial damage is produced by the suction catheter, although only soft rubber catheters were used in these patients.
It is seen that the ulceration in relation to the cuff begins on the anterior wall and is maximal there throughout its course. This' is due to the unyielding cartilages th&af are found ihn the anterior two-thirds of the tracheal wall. The posterior wall is more yielding and more mobile with no cartilage, and the soft cushion of the oesophagus -lies posteriorly. In only three cases was there macroscopic ulceration of the posterior third of tIe wall at the cuff (Fig. 3) . In one of these the tube had been in position for 77 days, and a tracheo-oesophageal fistula resulted (Fig. 4) .
Ulceration in relation to the stoma was unusual, probably because a large segment of tracheal wall was excised to allow the tube to be fitted without pressure around it at the stoma. When it did occur it was on the inferior rim of the stoma (Figs 2  and 3 Most of the patients were on positive pressure respiration for a variable period, and only four patients (6, 9, 1 1, and 13) were never given artificial respiration. It is difficult to attach the respirator tubing to the tracheostomy tube without transmitting some drag to the tube, which increases its movement within the trachea. Suspension of the tubing from an angled or flexible arm clamped to the head of the bed was the method generally used in the patients reported here. The severe damage in patient 22 is largely due to an excessively low and deep tracheostomy which made it impossible to use a normal tube because of the curve of the trachea and the short length from stoma to carina. A cut down endotracheal tube was finally used, but no method was found to keep this firmly in position. The continuous (Fig. 4) . This was the only patient in whom the tracheostomy was directly responsible for death. In patient 21, who was not artificially respired and had a well fitting uncuffed tube, the changes produced were minimal in spite of 14 days' intubation.
Management of the cuff It has been suggested that regular deflation of the cuff for short periods will reduce the pressure necrosis of the mucosa. In most of the patients in this series the cuff was only deflated once a day as it was felt that the risk of inhalation of pharyngeal secretions made more frequent deflation undesirable. In the three patients in whom the tube was deflated at twohourly intervals, there was no significant decrease in the reactions. was not yet directly involving the artery. One of the patients who survived after tracheostomy had a large haemorrhage on the third day and a smaller haemorrhage on the sixth post-operative day, for which no cause could be found.
On these observations it therefore seems unlikely that the ulceration is of clinical significance unless intubation is continued for a long period. None of the surviving patients showed clinical evidence of late tracheal stenosis.
DISCUSSION
These findings suggest that with a red rubber tracheostomy tube damage to the mucosa is common. An-inflatable latex cuff and artificial ventilation only increase this damage, which is maximal at the cuff but also occurs at the lower end of the tube and at the stoma. The tracheostomy tube produces its effect for a number of reasons. It is an irritant foreign body which produces an inflammatory reaction in the mucosa. Movement of the tube within the lumen of the trachea leads to mechanical trauma of the mucosa, and the pressure of the cuff produces mucosal ischaemia. The bypassing of the nasal passages results in deficient humidification and leads to drying of the mucosal secretions and poor lubrication of the mucosa. A fall in systemic blood pressure and the compensatory vasoconstriction which is sometimes augmented by vasoconstrictor drugs will increase the local ischaemia. Other systemic factors, such as renal failure or steroid therapy, may have an undesirable effect.
In spite of their frequency, these reactions seldom result in serious complications unless intubation is continued for long periods. It is not therefore a contraindication to tracheostomy when this is firmly indicated, but an inflatable cuff should only be used where artificial ventilation is required or when there is a risk of inhalation of pharyngeal secretions. Furthermore, the tube should be removed as soon as it is safe to do so. Now that suitable tubes of polyvinyl plastic are available it seems unreasonable to continue using the more irritant red rubber tubes. The tube described by Whittard and Thomas (1964) (Hewlett and Ranger, 1961) . The general method of fixing the tube by two tapes from the flange tied around the neck is improved by the addition of two further tapes passed under the arms and around the chest (Matheson, Gardiner, Low, and Dudley, 1963) . The connexion with the respirator presents the problem of allowing the patient sufficient freedom of movement without allowing the tubing to drag on the tracheostomy tube. Suspension of the tubing from an adjustable arm is the most satisfactory method of reducing this drag.
The risk of the end of the tube damaging the carina or entering the main bronchus and occluding the contralateral bronchus has been mentioned. Whittard and Thomas (1964) suggest the use of a blank flange inserted between the fixed flange and the stoma to reduce the effective length of the tube.
It is not possible to draw any valid conclusions from these observations on the importance of regular deflation of the cuff. The limited data available suggest that it has no effect in reducing the damage. Beaver (1961) says that regular letting down of the cuff may in fact increase tracheal damage by allowing increased movement of the tube within the trachea.
The prevention and control of respiratory infection and the maintenance of adequate humidification are difficult to achieve, but they may help to reduce the tracheal damage. The prophylactic use of broad spectrum antibiotics is often followed by infection with resistant staphylococci or Gram negative organisms and is of doubtful value. The regular culture of tracheal suckings and the control of antibiotic therapy by the estimation of sensitivities is essential. The routine use of an aseptic technique for tracheal toilet is, of course, essential but is not effective in preventing infection.
The careful control of the blood volume to maintain the systemic blood pressure without the use of vasoconstrictor drugs will improve the local circulation and reduce the effects of local pressure and irritation.
SUMMARY
In a series of 37 consecutive tracheostomies, 23 patients died. The trachea was examined at necropsy in each of these 23 patients.
The lesions were found at the stoma, the cuff, and the lower end of the tube. They increased with the duration of intubation.
Other factors that may influence the severity of these lesions are discussed.
Although tracheal damage is common after 48 hours' intubation it is rarely of clinical significance. Only one patient died as a result of his tracheal lesion.
It is suggested that the red rubber tube should be abandoned in favour of a polyvinyl plastic tube.
Further suggestions are made that may help to reduce the incidence and severity of the damage. 
